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THE RELATION BETWEEN THE INCIDENCE AND
INCUBATION PERIOD OF CANCER IN MAN*
E. L. KENNAWAY AND N. M. KENNAWAY
Any population, whether of men or of animals, which is exposed
to carcinogenic factors, presents two features: (a) the total inc-
dence of cancer; and (b) the incubation period or time required for
cancer to develop. There is some evidence that a more intense
stimulus is required to shorten (b) than is necessary to increase (a).
Both (a) and (b) are under the influence of genetic factors. The
concentration of attention upon experimental work has perhaps led
to some neglect of the evidence on this matter which is available
from human material. The collection of data presented below is an
extension of a paper23 published some years ago. We hope to deal
with the evidence derived from observations on animals in another
paper.
A. OCCUPATIONAL CANCERS
Cancer of the scrotum
In an earlier paper22 dealing with the occupational incidence of
cancer of the scrotum and penis in England and Wales, the occupa-
tions were arranged in the eight classes named below:
1. Sweeps.
2. Textile workers.
3. Workers (excluding sweeps and textile workers) especially
likely to be exposed to cancer-producing materials (tar,
pitch, and lubricating oils).
4. Metal workers.
5. Coal workers.
6. Other manual occupations.
(a) Heavier work.
(b) Lighter work.
7. Clerical and light manual work.
8. Agriculture.
Of these classes: 1, 2, and 3 comprise those occupations in which
the exposure to agents likely to produce cancer of the scrotum is
* From The Chester Beatty Research Institute, The Royal Cancer Hospital
(Free), London.YALE JOURNAL OF BIOLOGY AND MEDICINE
greatest; 4, 5, and 6 include other urban manual workers; and 7 and
8 include the upper social classes and the rural workers. Elsewhere
we have shown23 that cancer of the scrotum has not been found at all
among sixteen of the highest classes of professional workers, and it
is infrequent in the agricultural occupations.
The total cases of cancer of the scrotum in England and Wales
in the years 1911-1920* were allotted to these eight groups, and the
average age at death was reckoned, with the following results
(table 1). The table includes some of the death rates from cancer of
the scrotum, based upon the population for 191 1, calculated by Dr.
Stevenson of the General Register Office.36
TABLE I
CANCER OF SCROTUM. ENGLAND AND WALES. 1911-1920
Mean annual death
Number Average age rate per million from
Class of cases at death cancer of scrotum
1,2, and 3
All occupations 199 57
Chimney-sweeps 41 59.7 534
Cotton mule-spinners 101 56 134*
(Cotton-spinning
processes)
Patent fuel workers 608
4, 5,and6 170 59
Coal miners 1.4
7 and 8 87 62
Agricultural labourers 1.5
All cases 456 58.7 4.1
* This figure would be considerably higher if spinners other than mule-spinners
were excluded.
Table 1 shows that the enormously increased liability of chim-
ney-sweeps to cancer of the scrotum (the annual death rate per
million from cancer of the scrotum in chimney-sweeps is 534, as
against 4.1 in all males and 1.5 in agricultural labourers) is accom-
panied -by a very small difference in the mean age at death (59.7
years in chimney-sweeps as against 62 years in the upper social and
* Copies of the death certificates were supplied by the Registrar-General to the
Senior Medical Inspector of Factories to whom we are indebted for access to this
material.
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agricultural classes). In the cotton mule-spinners there is a more
distinct difference (mean age, 56 years).
Table 2 shows the ages, in quinquennial periods, at death from
cancer of the scrotum in (a) chimney-sweeps, (b) cotton mule-spin-
ners, and (tc) the whole population, including (a) and (b), in Eng-
land and Wales. The data for (a) and (b) are taken from the paper
by Henry18 based upon material supplied to the Senior Medical
Inspector of Factories by the Registrar-General, and those for (c)
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FIG. 1. Deaths from cancer of the scrotum. England and Wales.
General population, 1923-35 (l/1o scale).
---- Chimney-sweeps, 1911-35.
The vertical line at 62.5 years in this and subsequent figures serves to facilitate comparison.
are taken from the annual publications (Statistical Reviews) of the
Registrar-General. In the case of (a) and (b) the records are those
of the individual cases and hence the average age at death can be
reckoned; for (c) the ages are available only in decennial and quin-
quennial groups, and hence no average can 'be stated. The period
covered is, for (a) and (b) 191 1 to 1935, and the data are given by
Henry under the five quinquennial periods from 1911-1915 to
1931-1935.
In table 2 the sums of the figures for the last three of these
periods, i.e., 1921-1935, are given separately because a fairly com-
parable series for the years 1923-1935 is available for the general
population in the annual Statistical Reviews of the Registrar-Gen-
eral. Before 1923, cancer of the scrotum, and of the penis, were
not recorded separately.
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The data in table 2 are shown in graphic form in Figs. 1 and 2.
The greatest number of deaths from cancer of the scrotum occurs in
the same quinquennial age-period, namely 60-65, both in chimney-
sweeps and in the general population. Hence these data, and those
in table 1, show that the immense increase in incidence of cancer of
the scrotum in sweeps, in comparison with the general population,
is not accompanied by any distinct shift of either the mean or the
mode of the ages at death. In cotton mule-spinners, on the other
hand, the mean age at death is earlier (tables 1 and 2) and the mode
(Fig. 2) is placed in the preceding 5-year period, namely, 55-60.
This contrast
suggests that NUBE
the mule-spin- or
ner is exposed DEATHS 75
to more potent
carcinogenic
factors, one of 50
which is per-
haps t o b e 25
found in the
more intimate
contact of the ACE.YEARS 30 40 50 60 70 s0
skin with oil as
1 * L FIG. 2. Deaths from cancer of the scrotum. England and Wales.
comparec with Cotton mule-spinner, 1911-35.
soot, while pos-
sibly some features of the work of the sweep, namely, shorter hours,
protective clothing, and a greater incentive to washing, contnrbute
to the difference.
There can be no doubt that formerly cases of cancer of the scro-
tum occurred among chimney-sweeps at an early age. Percivall
Pott34 in 1775 wrote "I never saw it under the age of puberty .. "
which implies that he had seen it at ages not much later than that
of puberty; and he says of the chimney boys .... and when they get
to puberty, become peculiarly liable to a most noisome, painful, and
fatal disease." James Earle"2 saw a case in a boy of 8, and Pott con-
firmed the diagnosis. Henry Earle,'1 in 1832, spoke of the disease
as "seldom attacking persons under thirty years of age; very few
cases occurred between twenty and thirty. Children were not liable
to this affection. . . Most of the cases which he had observed, were
in persons between the ages of thirty and forty; and it was often
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twenty years before those individuals were affected. . ." Elsewhere
he says10 "The greater proportion of cases which I have seen, have
occurred between 30 and 40; I have seen three instances between
20 and 30, and only one at the age of puberty." Curling,5 in 1843,
said "In the majority of the cases which I have met with, the disease
occurred between the ages of thirty and forty." At the time when
these surgeons wrote, the diagnosis of cancer was of course made
without the use of the microscope, but the descriptions of some of
the cases leave no doubt on the question of malignancy.
Between 1923 and 1935 in England and Wales only 6 persons
out of 889 who died of cancer of the scrotum were of ages less than
35, and in chimney-sweeps between 1911 and 1935 only two fatal
cases occurred under the age of 40 (table 2). The early age at which
cancer of the scrotum occurred in sweeps a century or more ago was
no doubt due in part to the younger age* of chimney-sweeps at that
time, but obviously this does not account for the extreme shortness
of the incubation periods in some of the cases described by Pott and
other surgeons. The most probable explanation of these would
seemto be that there was then a degree ofbodily uncleanliness which
is now unknown, and hence a persistent and intense action of the car-
cinogenic agent.
Cancer of the skin
ITable 3 and Fig. 3 contain data for cancer of the skin in chimney-
sweeps, cotton mule-spinners, and in the general population, corre-
sponding to those for cancer of the scrotum in table 2 and Figs. 1
and 2, and from the same sources. In cotton mule-spinners the
mean (62.0) and the mode (65-70) of the ages at death are from
5 to 7 years earlier than in chimney-sweeps (68.6, 70-75), while
in the sweeps the mode is in the same 5-year period as in the general
population. Thus, the data for cancer of the skin confirm those for
cancer of the scrotum in suggesting that mule-spinners are exposed to
a stronger carcinogenic factor than are chimney-sweeps.
Cancers of the lung of Schneeberg, Jadchymov, and Griesheim
1. Schneeberg: The data given by Rostoski, Saupe and
Schmorl37 show that out of 154 Schneeberg miners, 21 died in 3.25
*An account of the gradual postponement of this age by legislation between
1788 and 1864 is given by Henry."8
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years, and cancer of the lung was found in every one of 13 of these
submitted to autopsy, while of the 8 not examined post moritem 2
hadgiven in life strong evidence of the presence of this disease. The
.500 CXERODERMA PICMENTOSUM
AVCRACE 12 5 YEARS
*0.0 0
20 1000
0~
z
10 Soo
-z 0
o o
U DEATHS fROM CANCER OF SKIN. MALES. ENGLAND AND WALES.
- - - CENERALPOPLATION 9921-35
Fic. 3. Deaths from cancer of the skin. Males. England and Wales.
-General population, 1921-35.
-- -- Cotton mule-spinners, 1911-35.
* Xeroderma pigmentosuam.
In Figs. 3, 5, 6, and 7 the height of the dots above the base-line has no significance.
ages at death of 22 undoubted cases of cancer of the lung among
Schneeberg miners were as follows:*
67, 64, 60, 60.
59, 56, 56, 55, 55, 54, 54, 53, 52.
49, 49, 47, 45, 44, 42, 42, 40, 37. Average, 51.8
while the ages at deaith of 5 other miners who in all probability died
of this disease were
___________69, 66, 54, 45, 38.
*These figures were obtained in 1937 from the Landesausschuss zur Erfors-
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2. Jdchymov (Joachimstal): Autopsies, were carried out (Pir-
chan and Sikl"8) upon 13 of 19 miners (10 active and 9 pensioned)
dying during 1929-1930, and cancer of the lung, including one
pleural cancer, was found in 9 of these (table 4 and Fig. 4).
TABLE 4
JACHYMOV MINERS, 1929-1930. NINE CASES OF CANCER OF THE LUNG ESTAB-
LISHED BY AUTOPSY. (Pirchan and Sikl). IN ASCENDING ORDER OF AGE AT DEATH
Age at
Entry Retirement Deatl Duration of exposure
I 24 40 67 16
2 41 54 63 13
3 24 47 53 23
4 29 45 52 16
5 27 44 51 17
6 29 46 17
7 21 41 42 20
8 18 32 40 14
9 25 - 40 15
Range 40-67 13-23
Mean 50.4 16.8
30
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JACHYMOV CRIESHEIM
Fia. 4. Age at death from cancer of the lung at Jiichymov and Griesheim in ascending order.
The hatched areas represent the period of exposure. The horizontal dotted lines represent the mean
age at death.
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The performance of autopsies ceased at the beginning of 1931,
but was resumed in 1933 and continued until 1937. During this
period 1933-1937 there were 39 deaths among the active and retired
miners, and of these deaths 15 were due to cancer of the lung.
Unfortunately, the records of this later period have been published
by Sikl38 only in a very abbreviated form without any data for indi-
vidual cases; he gives merely a summary, in decennial groups, for
thetwo periods together, as follows (table 5).
TABLE 5
(Sikl)
JACHYMOV MINERS 1929-30 AND 1933-37. 24 CASES OF CANCER OF THE LUNG
Age at death from cancer of the lung Number of cases
30-40 3
40-50 12
50-60 6
60- 3
Range 36-67
Mean 48
Peller,31 who hadaccess tothe most completedatasuppliedbythe
Ministry of Health of Czechoslovakia, gives the following figures
(table 6). Unfortunately he makes no statement of the ages and
other details of the individual cases.
TABLE 6
CANCER MORTALITY PER 1000 (Peller)
Jdchymov miners Vienna
Autopsy cases Males aged 15-79
1929-30, 1933-38 1932-36
Cancer: Lung 8.28 0.34
All organs 9.17 1 2.44
Peller gives the numbers ofactive and pensioned miners as about
400 and 100, respectively, in 1929, and about 320 and 80 in 1937,
while Sikl saysthat there were 323 miners in 1929.
Henoe, the data given by Pirchan and Sikl, Sikl, and by Peller
enable one to say that 24 out of 58 deaths in 7 years in a group of
400 to 500 male workers were due to cancer of the lung.
3. Griesheim: Alwens, Bauke, and Jonas' and Alwens and
Jonas2 record 13 cases ofcancer ofthe lung amongworkers at a chro-
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mate factory aft Griesheim, and these data provide an interesting
comparison with those fromJachymov (table 7 and Fig. 4). Unfor-
tunately the authors give no statement of the number of workers at
risk, but various indications in the papers suggest that the staff of this
plant, which closed down in 1931, was not large. The average age
at death from cancer of the lung (60) is from 8 to 12 years more
than that at Schneeberg (51.8) or at Jachymov (48). This provides
another instance of the fact that a very high incidence of induced
cancer is compatible with a mean age at death not less than that found
in cases of the same form of cancer in the general population. The
mean period of exposure at Griesheim (34.5 years) is twice that at
Jachymov (16.8 years).
'rA'.T v- 7 1 AlS.LE /
GRIESHEIM CHROMATE WORKERS. THIRTEEN CASES OF CANCER OF
ESTABLISHED BY AUTOPSY
(Alwens, Bauke and Jonas, and Alwens and Jonas)
In ascending order of age at death
'THE LUNG
Case Ageat
number Entry Retirement Death Duration of exposure
3 29 68 68 39
9 19 66 66 47
2 30 61 66 31
15 23 61 61 38
14 18 58 60 40
4 16 58 60 42
5 20 55 60 35
A.2. 22 59 60 37
A.4. 21 54 60 33
A.3. 21 53 59 32
6 29 53 59 24
10 29 52 53 23
1 20 48 48 28
Range 48-68 23-47
Mean 60 34.5
When these data from the Jachymov miners and the Griesheim
chromate* workers are set down in graphic form in asoending order
* "Chromate workers" is used here as a label, which does not signify that
chromate was certainly the active agent. From the present point of view, all that
matters is that these men were exposed to conditions which produced a high inci-
dence of cancer of the lung.
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of age at death, an interesting picture is produced (Fig. 4); the
laterdeath of the chromate workers (mean age 60) is associated with
a longer period of exposure (mean 34.5 years). Hence the Jachy-
mov miners (mean age 50.4, mean exposure 16.8 years) appear to
have been exposed to more active carcnogenic conditions. Both
agents produced a high incidence of cancer of the lung and at
Jachymov the action was strong enough to shorten the necessary
duration of exposure.
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hoa 5. Deaths from cancer of the lung. Males.
-England and Wales, 1920-37.
Autopsies in 42 Institutes in G:erniany, 1925-33. (Dormannas). *Schneeberg, Jachymov, Griesheim.
These da-ta from Schneeberg, J'achymov, and Griesheim may be
compared (Fig. 5) with those for the general population of Ger-
many. Th-e figures given are those obtained boy Dormanns' from
records of au-topsies on males over 20 in 42 Insti,tutes in Germany
during 1925-1933, and recorded by him in 10-year peniods only.
The figures for England and Wales are those of the Registrar-Gen-
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eral, in 5-year periods, for 1929-1937, i.e., the period of the 24
deaths at Jachymov.
The mode of the English figures is in the period 55-60, and that
of the German figures in the decade 50-60. The mean age at death
of the Schneeberg and Jachymov miners is at the beginning of this
decade, andthat of the Griesheim workersis at the end ofit. Hence
the very high incidence of cancer of the lung at Griesheim was not
accompanied by any shortening of the period necessary to produce
the fatal result; the condition is comparable to that seen in cancer
ofthe scrotum in chimney-sweeps.
B. CANCERS IN WHICH A GENETIC FACTOR IS CONCERNED
Cancer of the rectu4m or colon in association with polyposis intestini
Data have been collected from the literature relating to the age
at death from cancer of the rectum in cases of familial polyposis
intestini. Only those instances were taken in which the presence of
multiple polypi ofthe intestinein nearrelatives ofthe patient showed
the familial nature of the disease. Records of 54 such cases (32
POLYPOSIS .. * * .
iooo
wooo
*25 3 40 45 30 05 6 63 70 75 a Ss
FIm 6. Deaths from cancer of the large intestine and rectum.
Males and female, England and Wales, 1931-86.
* Cancer associated with polyposis intestini. (Age at death Or
recognition.)
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men, 22 women) were found, and the ages at death (36 cases) from
cancer of the rectum or colon, or at diagnosis during life (18 cases)
are shown in talble 8 and Fig. 6. The average age is 37.8, whereas
the graph shows that the greatest incidence of death from cancer of
the large intestine and rectum in the general population (England
and Wales, 1931-1936) falls upon the age group 65-69 in men and
70-74 in women, and Dukes' found that the Registrar-General's
figures for England and Wales for 1936 showed that the mean age
of 3303 men and 2083 women who died of 'rectal cancer was
66.0 and 64.4 years, respectively.
TABLE 8
FIFTY-FOUR CASES OF CANCER OF RECTUM OR COLON IN FAMILIES AFFECTED WITH
POLYPOSIS INTESTINI
Age at death from, or at recognition of, cancer of rectum or colon in persons having
near relatives affected with polyposis intestini
_________Age at death Age at.recogniion
Author Male Female Male Female
Lewis and Edwards26 28, 42 22
Cripps and Smith4 39 25
Pennant32 30 32
Niemack30 45
Doering6 23
Zahlmann44 63 22
Lockhart-Mummery and
Dukes27 Family I 42, 46, 39 52, 54, 27, 44, 33
II 44, 36
III 46
IV 32 38 38
V 47 38
VI 33, 45, 53 23 53
VII 41
VIII 50 41 21
IX 32
X 42
Hullsiek20 36
Falkl3 28 28
McKenney28 Family A 44 24, 30
" B 44 21, 29
Friedell and Wakefield14 61 56, 61, 29
Miller and Sweet29 32 23
Janssen21 28, 43
Mean age 40 35.3 35.2 40.3
Mean age of 54 cases, 37.8INCIDENCE AND INCUBATION PERIOD IN CANCER
The ages at recognition given in the two right-hand columns of
table 8 (mean 35.2 in men and 40.3 in women) may be compared
with those of a selected group of 1000 cases (650 men and 350
women) of rectal cancer diagnosed at a comparatively early stage
and regarded as operable (Dukes9). The average age at operation in
this group was 58.6 (men) and 56.1 (women), i.e., about 8 years
earlier than the average age at death given by the Registrar-Gener-
al's figures, which of course include all inoperable cases and many
regarded as inoperable solely on the ground of age.
No attempt is made here to assert that an early development
of cancer of the colon and rectum occurs only in familial polyposis.
There is a group of pathological conditions of the large intestine
in which the characters of (a) single or multiple development of
adenoma, (b) tendency to malignant change, which may be early or
late, and (c) familial distribution, show various combinations (see,
for instance, Hurst"9). But this variety does not invalidate the data
given in table 8.
The cancer family "G" of Warthin
A remarkable example of familial liability to cancer was recorded
by Dr. A. S. Warthin of Ann Arbor, Michigan, and after his death
the investigation was continued by Hauser and Weller.17 40, 41 In
this family ("Family G") in the course of three generations, 41
persons out of 174 (23.6 per cent) aged 25 or over produced 43
carcinomas (table 9, Fig. 7). The 20 cancers appearing in the
males were all si-tuated in the stomach or intestine, while of the 23
cancers in the females 15 were adenocarcinomas of the endometrium
showingno sign of origin from the cervix.
TABLE..9
CANCER FAMILY OF WARTHIN
Male Female
Carcinoma of gastro-intestinal ts;act 18 5
Adenocarcinoma of endometrium - 14
Adenocarcinoma of endometrium and
Double primar'ies cecum I 1
D Carcinoma of cecum and descending
* colon I
Carcinoma of mamma - I
Epithelioma of skin - 1
Total persons 19 22 =41
Cancers 20 23=43
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The ages at death from cancer of the gastro-intestinal tract were
as follows:
Males: 25, 27, 27, 30, 34, 36.
41, 42, 48, 52, 52, 53, 53, 53.
60, 60, 65. Average of 17 cases, 44.6
Females: 34, 40, 43, 45, 58. Average, 44.0
In England and Wales (mean of 2 years, 1923 and 1934) the
maimum number of deaths from cancer of the stomach, intestines,
andi rectum falls in males in the quinquennium of 65-69, and in
females in that of 70-74 (Fig. 7).
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FIC. 7. Deaths from cancer of the stomach, intestine, and rectum.
Males and females, England and Wales, 1923 and
1934.
0 Family G of Warthin.
The maximum incidenoe of cancer of the endometrium occurs
(table 10; Donald and Shaw,7 et al.) in the general population in
this country in the quinquennium 55-59 (or in the decennium 50-59
as reported by authors who give their figures only in 10-year
periods), whereas the average age at death from this disease in the
family in question is 46.3.
154Ago
30-34
INCIDENCE AND INCUBATION PERIOD IN CANCER 155
TABLE I0
CARCINOMA OF THE ENDOMETRIUM
Donald and
Gceme -Pkilhips Sha Giles FamilyofWarthin
Casc| %0 fCa%Casesj%jC 1 aser |% Ag| atdeatk
35-39 2 2.7 91 O.5J 3 5.1
40-44 6 8.2 8.3 2 40,40,41,42,44
21 11.8 1013.1
45-49 8 10.9 10.0 47
50-54 15 20.5 15.0 5. 500 52,53 5
55-59 33 45.2 28.3 89 738 57
60-64 8 10.9 18.3
59 33.0 20 26.3
65-69 1 1.3 15.0
Over 70 5.0 7 4.0 4 5.1
Average 46.3
Two cancers (carcinoma ofbreast, epithelioma of nose) occurred
at sites not liable to the forms of cancer characteristic of this family;
it is especially noteworthy that these two cancers developed (at 63
and 64) within the usual "cancer age," and about 20 years later
than the average age of the subjects bearing the familial cancers
of the alimentary tract and endometrium).
Carcinoma of the endometrium
Purdie85 describes the case of two sisters, aged 32 and 34, upon
each of whom total hysterectomy was performed for endometrial
carcinoma, while a third sister underwent hysterectomy "for a
benign condition." Their mother died of carcinoma of the rectum
at 68, i.e., at an age somewhat later than the mean for this form of
cancer in women. Purdie remarks, of cancer of the endometrium,
that "it is surprising how many observers find the average age within
the narrowlimits of 56 to 58 years" (Cf. table 10).
Xeroderma pigmentosum
Cockayne3 condudes, from an exhaustive review of the litera-
ture relating to the genetic aspects of this disease, that it "agrees inYALE JOURNAL OF BIOLOGY AND MEDICINE
all respects with a simple recessive character due to a single gene."
The ages at death (average 12.5 years) in 18 cases of xeroderma
pigmentosum with epithelioma are shown in Fig. 3.* Admittedly
one cannot say that epithelioma was the actual cause of death in all
these cases of xeroderma, but then the actual cause of death is often
not clear in cases of the ordinary forms of cancer. In Fig. 3 and
table 3 are shown the ages at death from cancer of the skin in (a)
the general male population (mode 70-75), (b) cotton mule-spin-
ners (mode 65-70, mean 68.6), and (c) in cases of xeroderma pig-
mentosum (mean 12.5). Comparison of these three sets of data
shows that unknown genetic factors, as in xeroderma, are enormously
more powerful even than prolonged exposure to known carcinogenic
agents, as in mule-spinners, in inducing cancer at an early age.
Families shoeing a high incidence of cancer of the breast
Wood and Darling43 record a family in which one generation
consisted ofthree sisters, all of whom developed cancer of the breast
as follows.
TABLE 11
CARCINOMA OF BREAST (Wood and Darling)
Lef breast Right breast
Clinica history | Age Clinic history -Age
Sister A Amputation for Amputation for
carcinoma 41 carcinoma 35
Sister B Amputation for Amputation for
carcinoma 22 carcinoma 23*
Sister C Amputation for
carcinoma 50
Daughter of
Sister A Amputation 18 Amputation. A lengthy
description of the his-
tology of the two breasts
does not make any quite 202
definite statement about
carcinoma
* There is an error in table 3 of Wood and Darling where the interval between
the two operations is given as 8 years.
* These data were collected from the literature by Dr. H. F. Bellamy, to whose
kindness we are indebted for permission to use them here.
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A niece of the maternal grandmother of the three sisters died
at 40 of bilateral carcinoma of the breasts. As in the Family "G"
of Warthin, other forms of cancer did not occur at an especially early
age. Thus a maternal aunt of the sisters died of carcinoma of the
cervix at 68, and a maternal uncle died with carcinoma of the colon
and a basal-cell carcinoma of the face at 75.
Handley"6 records a family of S sisters, of whom 4 underwent
7 operations for carcinoma, or incipient carcinoma, of the breast at
an average age of 49 (range 37 to 62 years). Their mother died
at 69 of "cancer of the liver" and her mother at 37 of abdominal
cancer, probably gastric (table 12).
TABLE 12
CARCINOMA OF BREAST (Handley)
Right breast Left breast
Sister Pathological changes Age Pathological changes Age
Mass in breast discovered
A shortly before death from 59 Primary carcinoma re- 48
neoplasm of stomach moved by operation
Radical mastectomy for
B Radical mastectomy for 50 primary carcinoma (per- primary carcinoma haps present 7 years
earlier)
Mastectomy. S e c t i on Mastectomy. S e c t i on
C showed "incipient car- 54 showed "precancerous 51
cinoma" condition"
D Mastitic induration only 45 Mastitic induration only 44
Radical mastectomy for Radical mastectomy for
E Racodicalmastectrnom a 41 advanced primary carci- 37 second primary carcinoma noma .~~~~~~~~n
m
These two families provide an interesting contrast with respect
to the age at which cancer developed. The mean age at the five
operations on the three sisters in the first family (Wood and Dar-
ling) is 34.2, which is very early, while the mean age at the seven
operations in the second family (Handley) is 49, which is not
unusual. Lane-Claypon2" gives data for 508 patients at 9 hospitals
in London and Glasgow (table 13).
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TABLE 13
AGE AT OPERATION ON 508 CASES OF CANCER OF THE BREAST
(Lane-Claypon)
Age periods 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80-
Cases 1 1 5 20 39 64 101 102 68 57 35 12 3 0
Mean age 5 1.4 years
Hence the second of these families shows that a high family
incidence is not necessarily assocated with an early development
ofcancer.
Discussion
The changes which take place during the incubation period of
cancer are unknown, and the nature of these changes constitutes one
of the chief problems of cancer research. The data presented
above, showing that the. enormously increased incdence of cancer
ofthe scrotum in sweeps is not accompanied byanyshift to an earlier
mean or modal age at death, gave a result which we did not expect.
Later, a similar instance was found in the cancer of the lung of the
Griesheim chromate workers. The incubation period can, however,
be shortened; in the case of cancer of the scrotum there seem to be
all gradations fromthe slightly earlier age in mule-spinners, through
the incidence in middle life recorded by the surgeons of a century
ago, to the occurrence of the disease in youth which accompanied
the intensive exposure of children to soot in the time of Pott. The
J'achymov miners seem to show one stage of a similar gradation in
the case of cancer of the lung. This shortening of the incubation
period is no doubt due to increase of the stimulus, but this is only an
assumption because one cannot measure the stimulus in man as one
can in experiments upon animals.
The genetically conditioned forms of cancer may not all be of
the same nature; one does not know whether they all depend upon
susceptibility to agents to which everyone is exposed, or whether
some more direct carcinogenic action is concerned. Xeroderma pig-
mentosum is clearly due to an abnormal susceptibility, since the
lesions occur on the parts exposed to light. The same possibility, of
intrinsic sensitivity to an extrinsic factor, must be considered in the
question of the racial distribution of primary cancer of the liver.24
In relation to the two characters of (1) early occurrence, and (2)
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familial distribution, forms of cancer might be classified in the fol-
lowing groups.
(1) Cancers which in rare instances occur early in life, but in
which no familial incidence has been observed, e.g., cancer of the lip.
(2) Cancers of which many cases occur in one family, but not
at an abnormally early age as in the family recorded by Handley
(table 12) and perhaps some forms ofpolyposis intestini. Here one
must perhaps consider the possibility of "chance," as in the case of
"cancer houses."
(3) Cancers which in some families occur at an especially early
age, while they occur much more commonly at a later age without
any familial incidence. Several instances of these conditions have
been given above. And within this group there is an interesting
difference between (a) those forms in which the cancer follows
upon a peculiar antecedent pathological condition (epithelioma fol-
lowing pigmentation and photo-sensitivity in xeroderma pigmen-
tosum; cancer of the colon following multiple polyposis) and (b)
those in which there seems to be nothing peculiar about the cancers
except their early occurrence (families recorded by Warthin, Wood
and Darling, and Purdie).
(4) Cancer which occurs in rare familial and less rare "spo-
radic" forms but always at an early age. The example of this class
is retinoblastoma, which "is a highly malignant neoplasm ofthe eyes
of infants and young children which may be present at birth, is most
frequently recognized during the first and second years of life, sel-
dom appears after the sixth year and has never been known to
originate in adult life" (VWTeller42). Griffith and Sorsby"5 have col-
lected from the literature 28 pedigrees showing direct transmission
of retinoblastoma; the appearance of the disease in 61 per cent of
the children in the 19 complete sibships available suggests dominant
inheritance. At the Royal Eye Hospital they found in records cov-
ering 50 years those for 57 children with retinoblastoma, of which 6
occurred in 3 generations of one family while the remaining 51 were
sporadic. A "sporadic" case may, of course, 'be the first of a familial
series.
One looks forward to the time when the study of genetics may
join with that of the chemistry of the nucleic acids in explaining,
for instance, why in certain families the epithelium of the large
intestine produces at an early age abundant new growths of which
some become malignant. Even at the present time this matter
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might not be wholly beyond the range of cytological enquiry. But
there are simpler examinations that might be made in some of these
conditions if material were available, such as the search for carcino-
genic factors in bile and intestinal contents, and the estimation and
identification of steroids and pituitary hormones. These conditions
are all rare, and hence it is very important that any cases should
be accessible to laboratory investigation.
Summary
Some data have been collected upon the relattion between (a) the
total incidence and (b) the incubation period of cancer in man. A
more intense stimulus is required to shorten (b) than is necessary
to increase (a), and (b) seems to be especially under the influence
of genetic factors. Thus, the mean age at death from cancer of the
scrotum is almost the same in chimney-sweeps as it is in the general
population, although the lia;bility to this disease among sweeps is
enormously greater than it is in most other occupations. Even the
extremely high incidence of lung cancer among the workers at Gries-
heim is not accompanied by any early age at which death from this
disease occurs. On the other hand, some forms of cancer in which
a familial factor is concerned (cancer of the colon and rectum in
families showing polyposis intestini, the cancers of the gastro-intesti-
nal tract and endometrium in the family "G" of Warthin, some cases
of cancer of the breast, xeroderma pigmentosum) lead to death at
an age which is, on the average, much earlier than that seen in sub-
jects of similar forms of cancer in the general population, while in
these families cancer of other organs occurs atthe usual "cancer age."
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